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LASER ULTRASONIC FLAW DETECTION
APPARATUS

TECHNICAL FIELD

The present invention relates to a laser ultrasonic flaw
detection apparatus that 1s employed to perform non-destruc-
tive tlaw detection of a defect or the like 1mnside an 1nspection
object.

BACKGROUND ART

In recent years, the use of composite materials 1s increasing,
in aerospace, automobile and other industries for the purpose
of reducing product weight, etc. A laser ultrasonic tlaw detec-
tion apparatus 1s employed as a method of non-destructively
evaluating the structural integrity of such composite materi-
als, etc.

The principle of this laser ultrasonic flaw detection appa-
ratus will be brietly described. First, when a first laser beam 1s
focused onto a surface of an inspection object, ultrasonic
vibrations are generated due to the thermoelastic effect. Spe-
cifically, the surface of the mspection object 1s heated by the
laser beam; the volume of the inspection object expands along
with this increase 1n temperature, thus generating stress; and
ultrasonic vibrations are generated by this stress.

The ultrasonic vibrations propagate from the surface of the
inspection object to the interior thereof, and, if there 1s a
defect inside the inspection object, the ultrasonic vibrations
are reflected at this defect site thus vibrating the surface of the
inspection object again. When a second laser beam 1s focused
onto this vibrating surface of the inspection object, the second
laser beam 1s reflected at the surface of the inspection object,
and the ultrasonic vibrations reflected at the defect site inside
the mnspection object are superimposed on the reflected light.
Theretore, flaw detection can be performed for a defect inside
an ispection object by extracting the ultrasonic vibrations by
guiding the reflected light of the second laser beam to a laser
interferometer or the like. At this time, 1n order to guide only
the second laser beam to the laser interferometer without
guiding the first laser beam to the laser interferometer, the
wavelength of the first laser beam 1s made different from the
wavelength of the second laser beam, and only the reflected
light of the first laser beam 1s removed with a wavelength filter
(see Patent Literatures 1 to 3).

CITATION LIST
Patent Literature

{PTL 1} U.S. Patent Application, Publication No. 2008/
0291963, Specification

{PTL 2} U.S. Patent Application, Publication No. 2008/
0016965, Specification

{PTL 3} Japanese Translation of PCT International Applica-

tion, Publication No. 2003-508771

SUMMARY OF INVENTION

Technical Problem

However, such a laser ultrasonic tlaw detection apparatus
has the following problems.

In order to generate appropriate ultrasonic vibrations 1n an
inspection object without causing damage, such as ablation,
etc., 1t 1s necessary to adjust the output power and pulse width
of the first laser beam to appropriate levels 1n accordance with
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the material, size, etc. of the inspection object. In addition, 1in
order to prevent the second laser beam from affecting the

ultrasonic vibrations generated 1n the inspection object by the
first laser beam, it 1s also necessary to adjust the output power
and pulse width of the second laser beam to appropriate
levels. This control of the output powers and the pulse widths
of the first laser beam and the second laser beam has been
performed by directly adjusting the laser light sources that
emit the first laser beam and the second laser beam. Because
of this, control ranges for the output powers and the pulse
widths of the laser beams are restricted to narrow ranges, and
there are cases 1n which sufficient adjustment cannot be per-
tormed for the output powers and the pulse widths of the laser
beams to achieve appropriate levels 1n accordance with the
type of inspection object.

In addition, 1n order to guide only the reflected light of the
second laser beam for detecting the ultrasonic vibrations to
the laser interferometer without guiding the reflected light of
the first laser beam for generating the ultrasonic vibrations to
the laser interferometer, as described above, the wavelength
of the first laser beam 1s made different from the wavelength
of the second laser beam, and only the reflected light of the
first laser beam 1s removed with the wavelength filter. Two
types of laser light sources are required to generate the first
laser beam and the second laser beam, and this fact has caused
an increase 1n size of laser ultrasonic tlaw detection appara-
tuses.

Furthermore, the laser beams 1n the laser ultrasonic flaw
detection apparatus are guided by bulk optical elements, such
as lenses, mirrors, and so on. Therefore, with regard to 1ndi-
vidual constituent elements through which the laser beams
pass 1n the laser ultrasonic flaw detection apparatus, securing
fixtures are required to ensure suificient alignment precision,
and the degree of freedom 1n placing these individual con-
stituent elements 1n the laser ultrasonic tflaw detection appa-
ratus 1s limited. As a result, the size of the laser ultrasonic tlaw
detection apparatus 1s increased, thus resulting 1n poor port-
ability thereof. Because of this, when performing flaw-detec-
tion 1spection 1n individual parts of the mnspection object, 1t
1s necessary to move the inspection object so that the laser
ultrasonic tlaw detection apparatus 1s placed against these
individual parts, and 1t 1s thus particularly difficult to perform
flaw detection 1nspection for an inspection object whose
weilght and size are large.

The present invention has been concerved 1n light of the
above-described circumstances, and an object thereof 1s to
provide a laser ultrasonic flaw detection apparatus that, by
simplifying the apparatus configuration, 1s made compact,
lightweight, and easy to handle, and that also has wide control
ranges for the output powers and pulse widths of the laser
beams.

Solution to Problem

In order to solve the above-described problems, the present
invention employs the following solutions.

A laser ultrasonic flaw detection apparatus according to the
present invention 1s a laser ultrasonic tlaw detection apparatus
in which a first laser beam 1s focused onto a surface of an
ispection object; a second laser beam 1s focused onto the
surface of the ispection object to detect reflected waves
reflected at the surface of the inspection object, thereby
acquiring a vibration displacement at the surface of the
inspection object excited by ultrasonic waves generated by
the first laser beam; and the presence/absence of a defect
inside the imnspection object, which 1s retlected in the vibration
displacement, 1s detected, the laser ultrasonic tlaw detection
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apparatus including a laser light source that emits a laser
beam having a single wavelength; a wavelength shifter that
converts the laser beam emitted from the laser light source
into a laser beam that includes at least two wavelengths; a
beam splitter that demultiplexes the laser beam converted by
the wavelength shifter into a laser beam having a first wave-
length and a laser beam having a second wavelength which 1s
different from the first wavelength; a first controller that
adjusts the output power and pulse width of the laser beam
having the first wavelength passed through the beam splitter;
a second controller that adjusts the output power and pulse
width of the laser beam having the second wavelength passed
through the beam splitter; a multiplexer that multiplexes the
laser beam having the first wavelength, which has been
adjusted by the first controller, and the laser beam having the
second wavelength, which has been adjusted by the second
controller, and that passes a single laser beam including the
laser beam having the first wavelength and the laser beam
having the second wavelength; and an optical projection unit
that projects the single laser beam obtained at the multiplexer
to the surface of the inspection object, wherein the laser beam
having the first wavelength 1s used as the first laser beam and
the laser beam having the second wavelength 1s used as the
second laser beam.

With this laser ultrasonic tlaw detection apparatus, because
the first laser beam for generating the ultrasonic waves in the
inspection object and the second laser beam for detecting the
ultrasonic vibrations generated 1n the mspection object are
emitted from the same laser light source, as compared with
the case 1n which a laser light source that emats the first laser
beam and a laser light source that emits the second laser beam
are separately prepared, the configuration of the laser ultra-
sonic flaw detection apparatus can be simplified.

Here, although the single laser beam, which includes both
the first laser beam and the second laser beam, 1s focused onto
the surface of the mspection object, in order to acquire the
ultrasonic vibrations generated in the mspection object, 1t 1s
necessary to detect only the second laser beam without
detecting the first laser beam. Therefore, the single laser
beam, which includes the first laser beam and the second laser
beam, 1s focused onto the surface of the inspection object; the
reflected waves reflected at the surface of the inspection
object are made to pass through the wavelength filter, which
blocks the beam having the first wavelength but transmuits the
beam having the second wavelength, thereby removing only
the first laser beam; and 1t 1s possible to detect only the second
laser beam that has passed through the wavelength filter.

Furthermore, the laser ultrasonic flaw detection apparatus
1s provided with the first controller that adjusts the output
power and the pulse width of the laser beam having the first
wavelength, that 1s, the first laser beam, and the second con-
troller that adjusts the output power and the pulse width of the
laser beam having the second wavelength, that 1s, the second
laser beam. Therelore, as compared with the case 1n which the
output power and pulse width of a laser beam are adjusted 1n
a laser light source, control ranges for the output power and
pulse width of the laser beam can be considerably increased.
In addition, the adjustment of the output power/pulse width
for the first laser beam and the adjustment of the output
power/pulse width for the second laser beam can be per-
formed independently of each other. Accordingly, it 1s pos-
sible to easily set the output power/pulse width of the first
laser beam to levels for generating appropriate ultrasonic
vibrations without causing damage to the inspection object,
while also setting the output power/pulse width of the second
laser beam to appropriate levels for detecting the ultrasonic
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vibrations generated 1n the inspection object, 1n accordance
with the type and size of the inspection object.

In the laser ultrasonic flaw detection apparatus of the
present invention, i1t 1s preferable that the laser beam trans-
mitted between at least two of the laser light source, the
wavelength shifter, the beam splitter, the first controller, the
second controller, the multiplexer, and the optical projection
unit be guided by an optical fiber.

With this configuration, as compared with the case 1n
which the laser beams are guided by bulk optical elements,
such as lenses and mirrors, to be transmitted among the 1ndi-
vidual constituent elements of the laser ultrasonic flaw detec-
tion apparatus, such as the laser light source, the wavelength
shifter, the beam splitter, the first controller, the second con-
troller, the multiplexer, optical projection unit, etc., the degree
of freedom for the placement of the imndividual constituent
clements 1n the laser ultrasonic flaw detection apparatus 1s
increased, and, also, there 1s no need for securing fixtures for
ensuring the alignment precision of the individual constituent
elements. Therefore, the structure of the laser ultrasonic flaw
detection apparatus can be simplified, and the laser ultrasonic
flaw detection apparatus can be made compact.

In addition, 1n the laser ultrasonic tlaw detection apparatus
of this invention, 1t 1s preferable that the laser light source, the
wavelength shifter, the beam splitter, the first controller, the
second controller, and the multiplexer be accommodated 1n a
laser-ultrasonic-tlaw-detection-apparatus main unit; the opti-
cal projection unit be accommodated 1n a flaw detection head
that can be moved with respect to the laser-ultrasonic-tlaw-
detection-apparatus main unit; and the laser beam that 1s
transmitted between the laser-ultrasonic-flaw-detection-ap-
paratus main unit and the tlaw detection head be guided by an
optical fiber.

With this configuration, the flaw detection head, 1n which
the optical projection unit that guides the laser beams to the
surface of the ispection object 1s accommodated, can be
moved with respect to the laser-ultrasonic-tlaw-detection-
apparatus main unit, which accommodates other constituent
clements of the laser ultrasonic tflaw detection apparatus.
Here, because only the optical projection unit 1s accommo-
dated 1n the flaw detection head, the weight/size of the flaw
detection head 1s very small as compared with the weight/size
of the laser ultrasonic flaw detection apparatus as a whole.
Therefore, by moving the flaw detection head with respect to
the main unit of the laser ultrasonic flaw detection apparatus,
an 1rradiation position of the laser beam can be easily
changed/adjusted to a desired position.

Specifically, when changing/adjusting the 1rradiation posi-
tion of the laser beam, 1t 1s not necessary to move the mspec-
tion object with respect to the laser ultrasonic flaw detection
apparatus, and it sutfices to move only the flaw detection head
of the laser ultrasonic tflaw detection apparatus to an 1nspec-
tion target site of the mspection object while keeping the
inspection object stationary. In particular, even 1n the case 1n
which the weight and size of the inspection object are large,
flaw detection inspection can be performed for the individual
parts of the inspection object by focusing the laser beam onto
desired sites of the mnspection object without moving the
inspection object.

In addition, 1n the laser ultrasonic flaw detection apparatus
of the present invention, 1t 1s preferable that the wavelength
shifter be provided with a nonlinearity-inducing fiber.

Alternatively, 1n the laser ultrasonic flaw detection appara-
tus, 1t 1s preferable that the wavelength shifter be provided
with a sideband spectrum optical modulator.

In addition, it 1s preferable that the laser ultrasonic flaw
detection apparatus of the present imnvention be additionally
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provided with a photo detector unit that receives reflected
waves of the single laser beam that i1s projected onto the
surface of the inspection object by the optical projection unit
and 1s reflected at the surface of the inspection object; a
wavelength filter that, of the single laser beam recerved by the
photo detector unit, blocks the laser beam having the first
wavelength and transmits the laser beam having the second
wavelength; and a laser interferometer that detects the laser
beam having the second wavelength that has passed through
the wavelength filter.

Advantageous Effects of Invention

With a laser ultrasonic flaw detection apparatus of the
present invention, because the apparatus configuration 1s sim-
plified and the apparatus size 1s reduced, when changing/
adjusting an irradiation position of a laser beam on an 1nspec-
tion object, the apparatus can be easily handled. Moreover,
with the laser ultrasomic flaw detection apparatus of the
present invention, because the control ranges for the output
power and pulse width of the laser beam are large, the output
power and pulse width of the laser beam can be set to optimal
levels 1n accordance with the type and size of the ispection
object.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view showing the overall configu-
ration of a laser ultrasonic tlaw detection apparatus according,
to the present invention and a usage example thereof.

FIG. 2 1s a schematic diagram showing a laser-beam optical
projection system of the laser ultrasonic flaw detection appa-
ratus according to the present mnvention.

FIG. 3 1s a schematic diagram showing a laser-beam photo
detector system of the laser ultrasonic flaw detection appara-
tus according to the present invention.

FIG. 4 1s a schematic diagram showing a method of con-
verting the wavelength of a laser beam at a wavelength shifter.

FI1G. 5 1s a schematic diagram showing another example of
the method of converting the wavelength of the laser beam at
the wavelength shifter.

FIG. 6 1s a schematic diagram showing the configurations
of a first controller and a second controller.

DESCRIPTION OF EMBODIMENT

An embodiment of a laser ultrasonic flaw detection appa-
ratus according to the present invention will be described
below with reference to the drawings.

A laser ultrasonic flaw detection apparatus according to
this embodiment focuses a first laser beam onto a surface of
an 1spection object. In addition, the laser ultrasonic flaw
detection apparatus focuses a second laser beam, which 1s
different from the first laser beam, onto the surface of the
inspection object. Accordingly, a vibration displacement at
the surface of the inspection object excited by ultrasonic
waves generated by the first laser beam 1s superimposed on
reflected waves of the second laser beam reflected at the
surface of the mspection object. By detecting the reflected
waves of the second laser beam, the laser ultrasonic flaw
detection apparatus acquires the vibration displacement
excited at the surface of the inspection object due to the
ultrasonic waves generated by the first laser beam, and detects
the presence/absence of a defect inside the mspection object,
which 1s reflected 1n this vibration displacement.
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FIG. 1 shows the overall configuration of the laser ultra-
sonic flaw detection apparatus according to this embodiment
and the usage thereof.

As shown 1n FIG. 1, a laser ultrasonic flaw detection appa-
ratus 1 1s configured including a laser-ultrasonic-flaw-detec-
tion-apparatus main umt 10, a flaw detection head 20 that can
be moved with respect to the laser-ultrasonic-tlaw-detection-
apparatus main unit 10, optical fibers 31 and 32 that connect
the laser-ultrasonic-tlaw-detection-apparatus main unit 10
and the flaw detection head 20 so as to guide laser beams
between the laser-ultrasonic-flaw-detection-apparatus main
unit 10 and the flaw detection head 20.

The internal configuration of the laser ultrasonic flaw
detection apparatus 1 1s shown i FIGS. 2 and 3.

The laser ultrasonic flaw detection apparatus 1 1s roughly
divided 1nto a laser-beam optical projection system (see FIG.
2) that emats the first laser beam and the second laser beam,
with which an inspection object 100 1s 1rradiated, and a laser-
beam photo detector system (see FIG. 3) that receives and
detects retlected waves from the surface of the inspection
object 100.

As shown 1n FIGS. 2 and 3, the laser-ultrasonic-flaw-de-
tection-apparatus main unit 10 1s configured including a laser
light source 11, a wavelength shifter 12, a beam splitter 13, a
first controller 14, a second controller 15, a multiplexer 16, a
wavelength filter 17, a laser interferometer 18, and optical
fibers 41 to 48.

In addition, as shown 1n FIGS. 2 and 3, the flaw detection
head 20 1s configured including an optical projection unit 21
and a photo detector unit 25.

The laser light source 11 emits a laser beam having a single
wavelength A,. The laser beam emitted from the laser light
source 11 1s guided to the wavelength shifter 12 through the
optical fiber 41. The wavelength shifter 12 converts the laser
beam having the single wavelength A, emitted from the laser
light source 11 into a laser beam that includes two wave-
lengths A, and A..

The method of converting the wavelength of the laser beam
at the wavelength shifter 12 will be described with reference
to FIGS. 4 and 5.

In an example shown i FIG. 4, the wavelength shifter 12
has a nonlinearity-inducing fiber 12A.

Upon recerving the mput laser beam having the single
wavelength A, the nonlinearity-inducing fiber 12A outputs
the laser beams 1ncluding the two wavelengths A, and A, via
the Raman effect or the Brillouin effect. Here, one of A, and
A, may be equal to A,,.

In an example shown 1n FIG. 5, the wavelength shifter 12
has a sideband spectrum optical modulator 12B. Upon receiv-
ing the input laser beam having the single wavelength A, the
sideband spectrum optical modulator 12B outputs the laser
beam including the wavelength A, which is shorter than A,
and the wavelength A,, which 1s longer than A.

As shown 1n FIG. 2, the laser beam including two wave-
lengths A, and A, which 1s obtained by converting the wave-
length of the laser beam having the single wavelength A, with
the wavelength shifter 12, 1s guided to the beam splitter 13
through the optical fiber 42. The beam splitter 13 demulti-
plexes the laser beam 1ncluding the two wavelengths A, and
), 1nto a laser beam including the first wavelength A, and a
laser beam having the second wavelength A, and passes them.

The laser beam having the first wavelength A, which has
been demultiplexed at and passed through the beam splitter
13, 1s guided to the first controller 14 through the optical fiber
43. The first controller 14 adjusts the output power and a pulse
width of this laser beam having the first wavelength A ;. Simi-
larly, the laser beam having the second wavelength A, which
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has been demultiplexed at and passed through the beam split-
ter 13, 1s guided to the second controller 15 through the
optical fiber 44. The second controller 15 adjusts the output
power and a pulse width of this laser beam having the second
wavelength A,

FIG. 6 shows the adjustment status of the output powers
and the pulse widths of the laser beam having the first wave-
length A, and the laser beam having the second wavelength A,
at the first controller 14 and the second controller 15.

The first controller 14 has an optical modulator 141 and an
optical amplifier 142. The optical modulator 141 adjusts
(mainly reduces) the pulse width of the laser beam having the
first wavelength A, . Then, the output power of the laser beam
having the first wavelength A, 1s increased by the optical

amplifier 142.

By doing so, the first controller 14 adjusts the output power
and the pulse width of the laser beam having the first wave-
length A, 1 accordance with the material and size of the
inspection object 100. Specifically, the output power of the
laser beam having the first wavelength A, 1s set to a level such
that the laser beam 1s easily absorbed to a desired depth 1n the
inspection object 100 to cause thermoelastic expansion with-
out causing damage, such as ablation, etc., to the mspection
object 100 with the laser beam having the first wavelength A, .
The pulse width of the laser beam having the first wavelength
A, 1s set to a sullicient level to induce ultrasonic vibrations in
the 1nspection object 100.

The second controller 15 has an optical modulator 151 and
an optical attenuator 152. The optical modulator 151 1s a chirp
clement that increases the pulse width of the laser beam
having the second wavelength A.,. Then, the output power of
the laser beam having the second wavelength A, 1s decreased
by the optical attenuator 152.

In this way, the second controller 15 adjusts the output
power and the pulse width of the laser beam having the second
wavelength A, so that it has an output power and a pulse width
appropriate for detecting the ultrasonic vibrations generated
in the mspection object 100 by the laser beam having the first
wavelength A, . The output power and the pulse width of the
laser beam having the second wavelength A, are adjusted to
levels that do not induce ultrasonic vibrations in the inspec-
tion object 100.

As shown 1n FIG. 2, the laser beam having the first wave-
length A,, whose output power and pulse width have been
adjusted by the first controller 14, 1s guided to the multiplexer
16 through the optical fiber 45. Similarly, the laser beam
having the second wavelength A,, whose output power and
pulse width have been adjusted by the second controller 15, 1s
guided to the multiplexer 16 through the optical fiber 46.
Then, the multiplexer 16 multiplexes the laser beam having
the first wavelength A, which has been adjusted by the first
controller 14, and the laser beam having the second wave-
length A,, which has been adjusted by the second controller
15, and passes a single laser beam that includes the laser beam
having the first wavelength A, and the laser beam having the
second wavelength A..

This single laser beam 1s output from the main unit of the
laser ultrasonic tlaw detection apparatus 10 and 1s guided to
the optical projection unit 21 of the flaw detection head 20
through the optical fiber 31.

The optical projection unit 21 has lenses 22 and 23 and a
scanning mirror 24. With these lenses 22 and 23 and the
scanning mirror 24, the single laser beam 1ncluding the laser
beam having the first wavelength A, and the laser beam hav-
ing the second wavelength A, 1s guided to the surface of the
ispection object 100.
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Of the single laser beam including the laser beam having
the first wavelength A, and the laser beam having the second
wavelength A, focused onto the surface of the inspection
object 100, the thermoelastic expansion caused by the first
laser beam when absorbed by the mspection object 100 gen-
erates ultrasonic vibrations in the mspection object 100. The
ultrasonic vibrations generated in the mspection object 100
propagate 1n the inspection object 100. Then, if there 1s a
defect at an 1nterface of or 1nside the mspection object 100,
the ultrasonic vibrations are reflected there and return to the
surface of the mspection object 100, and the reflected ultra-
sonic waves cause vibrations at the surface of the inspection
object 100. As described above, the laser bean having the
second wavelength A, 1s not involved 1n the generation of
ultrasonic vibrations 1n the ispection object 100.

The single laser beam including the laser beam having the
first wavelength A, and the laser beam having the second
wavelength A, returns to the flaw detection head 20 again,

alter being retlected at the surface of the inspection object
100.

Here, of the single laser beam, when the laser beam having
the second wavelength A, which 1s not 1nvolved 1n the gen-
eration of the ultrasonic vibrations in the inspection object
100, 1s retlected at the surface of the mnspection object 100, the
ultrasonic vibrations are generated in the inspection object
100. Therefore, the supersonic vibrations that have been
reflected at the defect in the inspection object 100 and
returned to the surface of the inspection object 100 are super-
imposed on the reflected waves of the laser beam having the
second wavelength A,. As a result, by detecting the reflected
waves ol the laser beam having the second wavelength A, the
ispection object 100 can be mspected for the presence/ab-
sence of a tlaw.

As shown 1n FIG. 3, the single laser beam, reflected at the
surface of the inspection object 100, which includes the laser
beam having the first wavelength A, and the laser beam hav-
ing the second wavelength A, 1s collected by a photo detector
lens 26 and a fiber focusing lens 27 of the photo detector unit
25 accommodated 1n the flaw detection head 20, and 1s sent to
the laser-ultrasonic-flaw-detection-apparatus main unit 10
through the optical fiber 32.

The laser beam sent to the laser-ultrasonic-flaw-detection-
apparatus main unit 10 1s mput to the wavelength filter 17
through the optical fiber 47. The wavelength filter 17 1s con-
figured to block the beam having the first wavelength A, butto
transmit the beam having the second wavelength A,. There-
fore, of the single laser beam reflected at the surface of the
ispection object 100, only the laser beam having the second
wavelength A, 1s output from the wavelength filter 17. Then,
the laser beam having the second wavelength A, 1s input to the
laser interterometer 18. As described above, because the
ultrasonic vibrations that have returned to the surface of the
inspection object 100 by being reflected at the defect 1n the
ispection object 100 are superimposed on retlected waves of
the laser beam having the second wavelength A, by extract-
ing the ultrasonic vibrations in the laser beam having the
second wavelength A, which 1s 1input to the laser interferom-
cter 18, the presence/absence of a defect in the inspection
object 100 can be detected.

With this laser ultrasonic flaw detection apparatus 1,
because the first laser beam for generating the ultrasonic
waves 1n the mspection object 100 and the second laser beam
for detecting the ultrasonic vibrations generated 1n the inspec-
tion object are emitted by the same laser light source 11, as
compared with the case 1n which a laser light source that emaits
the first laser beam and a laser light source that emits the
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second laser beam are separately prepared, the configuration
of the laser ultrasonic flaw detection apparatus can be simpli-

fied.

Here, the single laser beam, which includes both the first
laser beam and the second laser beam, 1s focused onto the
surface of the mspection object.

In order to acquire the ultrasonic vibrations generated in
the inspection object 100, it 1s necessary to detect only the
second laser beam without detecting the first laser beam.
Therefore, the single laser beam, which includes the first laser
beam and the second laser beam, 1s focused onto the surface
ol the mspection object; the reflected waves retlected at the
surface of the ispection object are made to pass through the
wavelength filter 17, which blocks the beam having the first
wavelength A, but transmits a beam having the second wave-
length A, thereby removing only the first laser beam; and
only the second laser beam that has passed through the wave-
length filter 17 can be detected by the laser interferometer 18.

Furthermore, the laser ultrasonic flaw detection apparatus
1 1s provided with the first controller 14 that adjusts the output
power and the pulse width of the laser beam having the first
wavelength A, that 1s, the first laser beam, and the second
controller 15 that adjusts the output power and the pulse width
of the laser beam having the second wavelength A, that1s, the
second laser beam. Theretfore, as compared with the case 1n
which the output power and pulse width of a laser beam are
adjusted 1n a laser light source, control ranges for the output
power and pulse width of the laser beam can be considerably
increased. In addition, the adjustment of the output power/
pulse width for the first laser beam and the adjustment of the
output power/pulse width for the second laser beam can be
performed independently of each other. Accordingly, 1t 1s
possible to easily set the output power/pulse width of the first
laser beam to levels for generating appropriate ultrasonic
vibrations without causing damage to the inspection object,
while also setting the output power/pulse width of the second
laser beam to appropriate levels for detecting the ultrasonic
vibrations generated in the mspection object, 1n accordance
with the type and size of the inspection object 100.

In addition, as compared with the case 1n which the laser
beams are guided by bulk optical elements, such as lenses and
mirrors, to be transmitted among the individual constituent
clements of the laser ultrasonic flaw detection apparatus 1,
such as the laser light source 11, the wavelength shifter 12, the
beam splitter 13, the first controller 14, the second controller
15, the multiplexer 16, the optical projection unit 21, the
photo detector unit 25, etc., the degree of freedom for the
placement of the individual constituent elements in the laser
ultrasonic flaw detection apparatus 1 1s increased, and, also,
there 1s no need for securing {ixtures for ensuring the align-
ment precision of the individual constituent elements. There-
fore, the structure of the laser ultrasonic tlaw detection appa-
ratus 1 can be simplified, and the laser ultrasonic tlaw
detection apparatus 1 can be made compact.

In addition, the flaw detection head 20, 1n which an optical
projection unit 21 that guides the laser beams to the surface of
the mspection object 100 1s accommodated, can be moved
with respect to the laser-ultrasonic-flaw-detection-apparatus
main unit 10, which accommodates other constituent ele-
ments 11 to 16 of the laser ultrasonic flaw detection apparatus
1. Here, because only the optical projection unit 21 and the
photo detector unit 25 are accommodated 1n the flaw detec-
tion head, the weight/size of the tlaw detection head 20 1s very
small as compared with the weight/size of the laser ultrasonic
flaw detection apparatus 1 as a whole. Therefore, by moving
the flaw detection head 20 with respect to the laser-ultrasonic-
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flaw-detection-apparatus main unit 10, an 1rradiation position
of the laser beam can be easily changed/adjusted to a desired
position.

Specifically, when changing/adjusting the irradiation posi-
tion of the laser beam, 1t 1s not necessary to move the mspec-
tion object 100 with respect to the laser ultrasonic flaw detec-
tion apparatus 1, and 1t suifices to move only the flaw
detection head 20 of the laser ultrasonic tlaw detection appa-
ratus 1 to an inspection target site of the inspection object 100
while keeping the inspection object 100 stationary. In particu-
lar, even i1n the case in which the weight and size of the
ispection object 100 are large, tlaw detection imspection can
be pertormed for the individual parts of the inspection object
100 by focusing the laser beam onto desired sites of the
inspection object 100 without moving the inspection object
100.

Although the embodiment of the present invention has
been described above 1n detail with reference to the drawings,
specific configurations are not limited to this embodiment,
and design alterations, or the like, within a range that does not
depart from the spirit of the present invention are also encom-
passed.

REFERENCE SIGNS LIST

1 laser ultrasonic tflaw detection apparatus

10 laser-ultrasonic-flaw-detection-apparatus main unit
11 laser light source

12 wavelength shifter

12A nonlineanty-inducing fiber

12B sideband spectrum optical modulator
13 beam splitter

14 first controller

15 second controller

16 multiplexer

17 wavelength filter

18 laser interferometer

20 flaw detection head

21 optical projection unit

235 photo detector unit

31, 32, 41 to 48 optical fiber

100 1nspection object

The mvention claimed 1s:

1. A laser ultrasonic tlaw detection apparatus 1n which:

a {irst laser beam 1s focused onto a surface of an 1nspection
object;

a second laser beam 1s focused onto the surface of the
ispection object to detect reflected waves retlected at
the surface of the inspection object, thereby acquiring a
vibration displacement at the surface of the inspection
object excited by ultrasonic waves generated by the first
laser beam; and the presence/absence of a defect inside
the mspection object, which 1s reflected in the vibration
displacement, 1s detected; the laser ultrasonic flaw
detection apparatus comprising:

a laser light source that emits a laser beam having a single
wavelength;

a wavelength shifter that converts the laser beam ematted
from the laser light source 1into a laser beam that includes
at least two wavelengths;

a beam splitter that demultiplexes the laser beam converted
by the wavelength shifter into a laser beam having a first
wavelength and a laser beam having a second wave-
length which 1s different from the first wavelength;

a first controller that adjusts output power and pulse width
of the laser beam having the first wavelength passed
through the beam splitter;
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a second controller that adjusts output power and pulse
width of the laser beam having the second wavelength
passed through the beam splitter;

a multiplexer that multiplexes the laser beam having the
first wavelength, which has been adjusted by the first
controller, and the laser beam having the second wave-

length, which has been adjusted by the second control-

ler, and that passes a single laser beam including the
laser beam having the first wavelength and the laser
beam having the second wavelength; and
an optical projection unit that projects the single laser beam
obtained at the multiplexer to the surface of the inspec-
tion object,
wherein the laser beam having the first wavelength 1s used
as the first laser beam and the laser beam having the
second wavelength 1s used as the second laser beam.
2. A laser ultrasonic flaw detection apparatus according to
claim 1, wherein at least one of the laser beam having the

single wavelength, transmitted between the laser light source
and the wavelength shifter, the laser beam 1ncluding the at
least two wavelengths, transmitted between the wavelength
shifter and the beam splitter, the laser beam having the first
wavelength, transmitted between the beam splitter and the
first controller, the laser beam having the second wavelength,
transmitted between the beam splitter and the second control-
ler, the laser beam adjusted by the first controller, transmitted
between the first controller and the multiplexer, the laser
beam adjusted by the second controller, transmitted between
the second controller and the multiplexer, and the single laser
beam transmitted between the multiplexer and the optical
projection unit, 1s guided by an optical fiber.
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3. A laser ultrasonic flaw detection apparatus according to
claim 1, wherein:

the laser light source, the wavelength shifter, the beam
splitter, the first controller, the second controller, and the
multiplexer are accommodated 1n a laser-ultrasonic-
flaw-detection-apparatus main unit;

the optical projection unit 1s accommodated 1n a flaw detec-
tion head that can be moved with respect to the laser-
ultrasonic-flaw-detection-apparatus main unit; and

the single laser beam that 1s transmitted between the laser-
ultrasonic-flaw-detection-apparatus main unit and the
flaw detection head 1s gmided by an optical fiber.

4. A laser ultrasonic flaw detection apparatus according to
claim 1, wherein the wavelength shifter has a nonlinearity-
inducing fiber.

5. A laser ultrasonic flaw detection apparatus according to
claim 1 wherein the wavelength shifter has a sideband spec-
trum optical modulator.

6. A laser ultrasonic flaw detection apparatus according to
claim 1, further comprising:

a photo detector unit that receives retlected waves of the
single laser beam that 1s projected onto the surface of the
inspection object by the optical projection umt and 1s
reflected at the surface of the inspection object;

a wavelength filter that, of the single laser beam received by
the photo detector unit, blocks the laser beam having the
first wavelength and transmits the laser beam having the
second wavelength; and

a laser interferometer that detects the laser beam having the
second wavelength that has passed through the wave-
length filter.
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